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Surgical treatmentSurgery of arteriovenous malformation (AVM) is sometimes challenging and carries a high risk of morbidity, espe-
cially when the AVM is located in an eloquent area of the brain. Unlike gliomas, awake craniotomy has not been
widely used for resection of AVM. The authors present a case of an AVM in the left frontal lobe which was success-
fully removed with the aid of awake craniotomy with cortical language mapping. In conclusion, awake craniotomy
for functional corticalmapping is beneﬁcial for AVM resection, especiallywhen the lesion is located in or adjacent to
eloquent areas of the brain. A hybrid approachwith functional mapping in the awake condition and AVM resection
under general anesthesia may be useful in selected cases. Furthermore, en bloc resection with the nidus embedded
in the brain parenchymamay be a usefulmeans of removal to reduce operation time and intraoperative blood loss if
there is no apparent functional cortex surrounding the AVM, as in the present case.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Awake craniotomy is now widely available and has recently been
used for various types of functional brain mapping in both language
and non-language areas. Awake craniotomywith functional brain map-
ping is especially useful if the lesion is located in the brain parenchyma
adjacent to eloquent areas, including motor, sensory, and language
areas of the brain. Accordingly, it is often utilized for removing intrinsic
brain tumors, such as gliomas, to achieve maximum resection of the le-
sion with preservation of brain function.
Surgery of arteriovenous malformation (AVM) is sometimes chal-
lenging and carries a high risk of morbidity, especially when the AVM
is located in an eloquent area of the brain [1]. Unlike glioma, AVMs do
not contain brain tissue in the nidus, and the border between the
AVM and surrounding normal brain tissue is often distinct. Therefore,
awake craniotomy has not been widely used for resection of AVM [2].
Here, we report a case of AVM in the left frontal lobe that was success-
fully removed using awake craniotomy with language mapping, and
discuss the utility of functional brain mapping for resection of AVM in
eloquent areas.rgery, Osaka City University,
o-ku, 545-8585 Osaka, Japan.
kawa).
. This is an open access article under2. Case report
A 38-year-old right-handed woman presented with the ﬁrst episode
of generalized convulsions at the age of 25 years. The patient received
medical checkup and was diagnosed as having an AVM of Spetzler-
Martin grade 3 (S2-E1-V0). The patient had already undergone four
times endovascular treatment for nidus embolization using N-butyl cya-
noacrylate and gamma knife radiosurgery by the age of 27 years. The
nidus was slightly reduced in size but complete obliteration of the nidus
had not been achieved. Nonetheless, the patient had been followed up
by regular magnetic resonance imaging (MRI) examinations without ad-
ditional treatment and had beenwell for 13 years. Follow-upMRI obtain-
ed at the age of 38 years incidentally detected asymptomatic minor
intracerebral hemorrhage from the AVM nidus mainly located in the left
superior and middle frontal gyri with a maximum diameter of 6 cm
(Fig. 1). On angiography, the niduswas fed by cortical branches of the an-
terior cerebral artery, i.e., frontopolar, anterior internal frontal, andmiddle
internal frontal arteries aswell as cortical branches of themiddle cerebral
artery, i.e., orbitofrontal and prefrontal arteries. Themain drains were the
ascending cortical veins draining into the superior sagittal sinus (Fig. 1).
Although the patient remained neurologically intact, aggressive resection
of the nidus was planned to prevent subsequent hemorrhage.
As the nidus was large and located in the dominant frontal lobe, we
planned awake craniotomy for language mapping. We used techniques
in functional cortical mapping that have been reported elsewhere [3].the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Comparative pictures of preoperative and postoperative imaging study. (A) Preoperative axial T2 weighted magnetic resonance imaging (MRI) study of the brain showing a 6-cm
arteriovenous malformation (AVM) located in the left frontal lobe. (B) Preoperative digital subtraction 4-vessel angiogram (DSA) showing a large AVM nidus, which is fed by cortical
branches of the anterior cerebral artery and the middle cerebral artery. The main drains are the ascending cortical veins draining into the superior sagittal sinus. Postoperative axial T2
weighted MRI (C) and postoperative DSA (D) showing total resection of the AVM.
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both asleep phases. We performed the motor and visual naming tasks
during the awake phase. After identifying the motor and language
areas by cortical mapping, general anesthesia was induced and resec-
tion of the nidus was performed. Intraoperative images before and
after resection of the AVM is shown in Fig. 2. As the nidus was large
and there was a certain distance between the nidus and areas positive
for language function, we decided to perform left frontal lobectomy
with the nidus embedded inside the brain parenchyma to reduce the
operative time and decrease intraoperative blood loss. Total removal
of the niduswas carried out successfully (Figs. 1 and 2). The total awak-
ening time from extubation to re-intubation of a laryngealmaskwas 1 h
and 2 min and the resection time was 3 h 52 min. The estimated intra-
operative blood loss was only 140 ml.
Postoperatively, the patient complained of slight difﬁculty of speech,
but this symptom resolved completely within a few days. Otherwise,
the postoperative course was uneventful and neuropsychological tests
showed no deterioration of cognitive or language functions (Fig. 3).
3. Discussion
Even in themicrosurgical era, surgical morbidity is still unsatisfacto-
ry especially in cases of AVM located in eloquent areas of the brain. A
previous study in 150 patients with surgically treated AVMs demon-
strated signiﬁcantly higher rates of surgical morbidity in patients with
eloquently located AVMs (20.2%) compared to patients with non-
eloquently located AVMs (8.2%) [1]. Of note, the authors of this previous
report found that the risks of postoperative complications, such asinfection, hydrocephalus, or deep venous thrombosis, were also higher
in patients with eloquently located AVMs, besides the inherent risk of
manipulating eloquent areas of the brain. It was speculated that this
ﬁndingwas probably due to higher incidence of neurological worsening
after surgery that could potentially lead to prolonged hospitalization.
Therefore, safe resection of AVM with minimal additional neurological
deﬁcits appears to be indispensable to reduce surgical morbidity in pa-
tients with eloquently located AVMs.
Recently, awake craniotomy with functional brain mapping has
widely been used for resection of intrinsic brain tumors, such as gliomas
in or adjacent to eloquent areas; however, the use of awake craniotomy
in AVM surgery is, to our knowledge, still limited to small series.
Burchiel et al. previously reported eight cases of AVM inwhich function-
al cortical mapping was used to remove AVM. A total resection was
achieved without causing additional neurological deﬁcits in seven of
eight cases [4]. In another previous study of 12 AVMs in which motor
and languagemappingwere performed, ﬁve cases underwent language
mapping in the awake condition as in the present case. In all ﬁve of
these cases, the functional cortex was identiﬁed, resulting in its preser-
vation during AVM resection [2].
There are several advantages to utilizing awake craniotomy with
functional cortical mapping in AVM surgery. First, previous reports sug-
gest that motor or language functionmay shift, because of brain plastic-
ity, from its anatomical location to an adjacent gyrus or even to the
contralateral hemisphere in the presence of long-standing lesions, in-
cluding AVMs [5,6]. Accordingly, precise localization of language func-
tion seems to be feasible only with the patient in the awake condition.
Second, surgeons can determine the extent of the functionally safe
Fig. 2. Intraoperative images before (upper) and after (lower) resections of an arteriove-
nous malformation (AVM). The language area labeled as “1” was located adjacent to the
AVM. The primary motor cortex was labled as “2 to 5”. Complete AVM resection was per-
formed while preserving these functioning cortices.
Fig. 3. A bar graph showing preoperative and postoperative Wechsler Adult Intelligence
Scale scores. *VIQ = visual intelligence quotient; PIQ = performance intelligence quo-
tient; FIQ = full-scale intelligence quotient.
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in selected cases, surgeonsmay be able to choose en bloc resectionwith
nidus incorporated in the non-functioning brain cortex, as performed in
the present case, instead of unfolding the nidus complex. On the other
hand, several issues remain to be resolved in awake craniotomy for
AVM resection. First, preparations must be made for unexpected hem-
orrhage or possible hemodynamic changes during AVM resection, as
these conditions may lead to signiﬁcant worsening of the patient's con-
dition. Second, the patient's fatigue should not be underestimated dur-
ingAVM resection. Therefore, resection of theAVM itselfmay need to be
performed under general anesthesia. In such cases, precise subcortical
mapping becomes impossible, and consequently, the possibility of in-
juring subcortical ﬁbers remains during AVM resection. Nevertheless,
we consider that en bloc resection based on brain mapping is useful to
reduce operation time and intraoperative blood loss, and therefore it
should be considered as one of the resection techniques in AVM surgery.4. Conclusion
We described a case of AVM that was successfully removed without
additional neurological deﬁcits with the aid of awake craniotomy with
functional cortical mapping. Awake craniotomy for functional corticalmapping is also beneﬁcial for AVM resection, especially when the lesion
is located in or adjacent to eloquent areas of the brain. Therefore, awake
craniotomy should be considered as one option for the surgical strategy.
A hybrid approachwith functional mapping in the awake condition and
AVM resection under general anesthesiamay beuseful in selected cases.
Furthermore, en bloc resection with the nidus embedded in the brain
parenchyma may be a useful means of removal to reduce operation
time and intraoperative blood loss if there is no apparent functional cor-
tex surrounding the AVM, as in the present case.Acknowledgments
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